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Bl ke ARdsdE ) A AEY Rl R4 A ARE RBEE]
(1. M RFE SRS TR, M 225127; 2. ITIRRIBH B B R R BE, M 225300)

# E: BN HEMkob#E g (pulsed electric field, PEF)ALFRISEAFAOREC T2 . BAL MR A P . J53E
K F PEF AR IR AT, S 8 P 3065 g2 bkofr e Fi L (5= BRIRHI) L Bk Rk op 521 4 AP 2% SR AT I i
TS E I, R e R T A AR T2, Sl R R . LTS L S AMDGIE AN E SR ) T PEF
AEHRSERF A R @ SR (@3- R (gas chromatography-mass spectrometry, GC-MS)ill & PEF AZbHizEkf
MARIIRRZL ., G55R  PEF ALHESEFAII BRI 2 kb 35 kV | 5 BRI [H] 184 s, ik njfii% 810 Hz
Jok i G 8 s, AE M SSHET IHSRE I 3R N 93.25%0.19%; PEF &b BRI I b F A A0 IS 44, 4L 3
2 % PEF AbFRAYSERF A — AP (O RAAE LS #; 5 FEMEAAH EL, PEF ACFRRRAIC T SEAF MR i, W% T
SEFFHIG AR, At O TR PR A [ G AR i vh— R SR (1 [0 B 225K PEF A0 FRRE Jin 7 S 3iR . SRR R 1
PR o i, AR TR & i . SRR B HERIBURME T, PEF ALBESERFIMAY A ATk 93.25%, 4 PEF
A BRI SEAT I AT AL AR S BT . PEF BRI PRI ER U — ISR i 1 s e U 12
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Optimization of process of Brassica napus L. treated by pulsed electric field
using response surface methodology and oil quality evaluation
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ABSTRACT: Objective To explore the extraction process, physicochemical properties and quality evaluation of
Brassica napus L. treated by pulsed electric field (PEF). Methods The single factor experiment was used to
investigate the effects of 4 factors including pulse voltage, residence time, pulse frequency and pulse width on the oil

yield of PEF-treated Brassica napus L. oil, and the extraction process was optimized by response surface
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methodology, the physicochemical properties of PEF-treated Brassica napus L. oil were determined by scanning
electron microscopy, infrared spectroscopy, ultraviolet spectroscopy and the national standard methods, and the fatty
acid composition was determined by gas chromatography-mass spectrometry (GC-MS). Results The optimal
parameters of PEF treatment were obtained as follows: Pulse voltage 35 kV, residence time 184 s, pulse frequency
810 Hz and pulse width 8 s, under these conditions, the oil yield was 93.25%+0.19%; PEF treatment could destroy
the cell structure and increase its oil yield. The PEF-treated Brassica napus oil had the characteristic structure of
general vegetable oil. Compared with traditional pressing method, PEF treatment could reduce the acid value and
slow down the oxidation degree of Brassica napus oil, and other quality indicators could meet the quality
requirements of general rapeseed oil in the national standard. PEF treatment could increase the content of linoleic
acid, linolenic acid and palmitic acid of Brassica napus oil, and reduce the content of oleic acid. Conclusion Under
the optimal extraction conditions, the oil yield of PEF-treated Brassica napus oil can reach 93.25%, and this Brassica
napus oil has better oil quality. PEF combined with cold pressing extraction isanefficient method for the extraction of

Brassica napus oil.

KEY WORDS: pulsed electric field; Brassica napus L.; oil yield; physicochemical properties; fatty acid; oil quality

e PN . BRACAEIREN . — R SR EE T e

0 31 B

=7 (Brassica napus L)% 44 2= F, 23 E R
UK ITIEMEYD, 3 3R R E Y il 1) 50% LA |
HAl, BEAEAMmsE g 3 e BT, BE
60%LA_F A 11, PR B ARk A R Sk E
WM. B2E. 4i4: K E MY SRS 2R E Ry, A
T[S A AR 3 ko5 A TR Ak AN b 3 2 S 2 R R PR ER. R,
SR FH B B AR T B S AT I 2R AT o 58 b B T R
B, R ML RER R, HEAAEEMREE . A
BRIR BRI | PRI 1] K FLREARE R &R ) 4 ML o R
POBERAHE, b gl €0 R L RR (B A A (5
Sy e AR DT e Btk ik PR, O RS MR R AT, Xt
TR ERAL 5 TR R /N, (BRSO

kw3 (pulsed electric field, PEF) & — ffagk {4 Al
FIAEBIN T HA, EREIR . 154w/, BB A TAE Y
AR T, R F S BRI ] PEF B[R] Bk i B 42 U
BORG I, H T R L 2R R R B 2R AR R A R e T
43.83%FN 20.48%, SFENAFHITTE T 25%F0 40%; FuNlA
ZEOVRI ] PEF i Bh i HH AR BOSUIGIH SR, IR iR
T 23.61%. ML TG 4REGE, PEF fiBh R EEENS ] B 4%
kA R . SR, AU PEF PR ML R GEAT
TS ARE R, %05 1T ST 3 TR R b o 1) 5%
Wl p ANV A . PRLHASBIF SR ] PEF TiAL M SFF, 408
PR S S I ST PN AT TRE Y R C Sy G el [
PRFT PEF Ab BN SEATI0 50 0 A9 520, LAY oA & S ki i)
R TN T R PR AR

1 MR5ERE

1.1 MRS
TSR B2 5, STV

(Tris). T H:FRFELE FHE(butyl hydroxy anisd, BHA), id#i
fRef . —H M. TOKOEE, RINEE. BULH . 2,4- 20
FEIEME . A=W, OB, =S PR A, EZ5ERL
ZRFE R A D
1.2 (UFE58%

HD35-5 & ik vp B R CR e it A W F oo i) );
ZYJ9028 FEIMBLCLI T DR A F]); SZF-06 i
JU 052 AL (b BT 5 L T FRZA FD); Gemini SEM 300 %
SRS (FEE Carl Zeiss 23 Fl); 7598 240 AT WL 4r e BE
A A RAE]); 670-IR+610-IR B ALLTAMGIE
(& H Varian 22 Fl); Trace DSQ I AR 3%- B g AL
(3¢ 1# Thermo Fisher Scientific 23 A)).

1.3 XLWHE
1.3.1 W EMFEERSNE

EFJRINES I GB 5009.5—2016 (£ 5244 FE % b
. ath A A E ) BLIRE AL BEUTE S R
GB/T 5009.6—2016 { B fhZ& 2 EZAnE & & P AR il
TE ) RIS KA IE S I GB 5009.3—2016 { & 5%
S GARHE B POK A E ) TR s b
I 2 BESCHR[10] 0 A B R AR 25 FIT0E i
1.3.2 % PEF &b EHF4H

Bl E T HEH T 2B T LS kV TR T
NER, FH T ST ORI 2 R A T, RIS EME,
ST SRAT S5 2B b
133 mEHFFLE

K50 g KA RGE KRR, il a5 45k
910, 20, 30, 40, 50, 60 g/100 g, Wi ZRMmE A5 5K
KRB ST A A B 9, AT Rk ob i S A B . A
PG A SEAT A 40 cCHEAR T8, FIMIm LR, 753
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o = 4 5513 %

FIFEFFMIFRE . R ()ITHE B R,
e BB
o= e R TR
134 $RELH

DIRERAT IR FabR, IEEMAR IR A 45 mm .
ok vREE A 30 KV PIRHEER S E] R 120 s ik iisiEe ok 600 Hz
Ik vpFE A 8 uso A3 A SNk R (10, 15, 20, 25, 30,
35kV), YrRMEREBAI(60. 90, 120, 150, 180, 210s), Fk
MR (100, 200, 400, 600, 800, 1000 Hz)Flfik i 583 (2
4. 6. 8. 10 pus)XF NPT H MR A0
1.3.5 6 & A fl 25

I RS N 22, sk e . Wk i
IFE] . JkosssR Ak SERE 4 A E AR, BETIURE =K
WSy, HE— AL PEF AR RSk i T
1.3.6 4rol kgt

EHEWIBGHFE T Ge ARSI, SRS 2050
G, T 4000~400 cm ™' BEAN A, RIGLIAMDEREE
1.3.7 RN REHT

Z: 18 GB/T 22500—2008 { st riiE S5MEGEE i
FE D, FEHAEECHIEL | g/100 mL FFHEAR, F 190~400 nm
BRI, O HAE 232 F1 268 nm PAAL IO Essy am
ﬁ] E268 nmo
1.3.8  ZEALMHEJR > H1

TR E 2 B GB 5009.229—2016 1 &h 24 4 [ F itk
BRI I E ) RV IR AR R v 1 (I S
8 GB 5009.227—2016 { &b ZaERRHE &bt sl
TELAINSE ) i 2 1% P- 11 B B 5 2 IR GBY/T 24304—2009
Cahmirb e & ME RN E ) ; BYENE S K GB/T
5532—2008 { S yimAE BUAMIE ) 5 BALENE %
GB/T 5534—2008 ( shiidimis SALERME ) ; GiAtE
TR E 208 GB/T 35252—201 7 Shiidiiiig 2-w e
TR E HER)  HEMNE S M GBT

«100% (1)

10um  EHT-500kV WD=10.3 mm Signal A=<SE2 Mag=1.00 KX

5009.230—2016 { B hh A EGbRUE £ PN A IIE ).
1.3.9 B M BR4L s A AT

SR - JTi % 5 (gas chromatography-mass spectrometry,
GC-MS)444: DB-WAX BAIEHE(30 mx0.25 mm, 0.25 pum); i
FECREE 220 °C; #AUWER, Wi 0.9 mL/min; 730 bL
10:1; JFFESR 1.0 pL; FRril#RIE A 250 °C. HER{EZ I GB
5009.168—2016 (£ dh4c 4 W KhRuE £ 5 v N i 12 v )
FE ) U TR B D R it
1.3.10 #IERE

K H Origin 8.0 #1784 ot fi 2 &, R A
Design-Expert 8.0.6 47 L7 i L /L3555 . R SPSS 23.0
TR (P<0.05, ZREE).

2 HREDR

2.1 GHFEIFHEERSD
AWFITZRM 2 SR FER SNSRI T
Mg, SERILFE 1, HFR 1 aH, %8RS o BHLIE 5
TR EIA 36.40 g/100 g, EARECE R A FRAR IR .
F1 HEFREERSWESE@N=3)

Table 1 Content of main components in Brassica napus L. (n=3)

WA HLEE GV Koy B
/(g/100 g) /(g/100 g) /(g/100 g) /(pmol/g)
T 17.66£0.71  36.40+1.59  8.28+0.43  110.80+6.94

2.2 PEF A IEX AR

A E 1 R[5, A2 PEF AbHH ) 9 S T 22 (1 R
AL R e, JoI Ak, M4 PEF AbFEY IR
ANAE R B2, AR . FLIREE. RN H AL
VEFARESR 13 28 B H W [0 (10 40 P 2 A T, 40 i o 1 4
i, EEANMI IS G T, RS R I SEAT 1 H i R

(a)
1
Fig.1

(b)

AL BIHZERF (a) FIZ5 PEF A3 SEAF (b) B 441 v 7 P

Scanning electron microscope images of untreated Brassica napus L. (a) and PEF-treated Brassica napus L. (b)
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2.3 FUEK S X H RS

ARBFFARIT T S KX AT R, 45
FU, SRR IR B S K R BRI S LT R X
SRR AR K A SRR ST Y T, R 2 AR Y
ARERE, (AR 5 5 U e KR 50 g/100 g B,
SERFR R B 5, o 77.68% . 1E KR 60 /100 g
I, IR TR T, JER AT RS Rl K R I RREE T
&, PEF WA T AT THBE 451, S3h i epeqt. [,
PERBEIE B &K R 50 g/100 g.
24 BREEREXW

LR R I B T i e e SR | Pk R
SRk v FE B 4 AR 2 ST H T FR A R o S5 SRR,
LRk b AR 10~30 kV JEFEP, Bl 350 R A3 K
R, HE ISR RS 30 kV B, JEEATAY HIhER
iRF R, M 30 kV G HHRE S SRS XEE N
LRSS R AT R SR RIZN, R T AR S, (v AR B
Sy, RN CEEARTE HE, ISR R AR I
AR B R, SR B Bk L R 30 KV,

SRR AL B R 7E 60~180 s 3 FEI N, 62 I 1E] Y
FE H R AR, B 180 s g, SR Rs
N RREAR o 3 PR Ry Y1 SR A6 IOk of Fi, 37 s P 44 B B (]
1o, 4 i B g R B R, i PN A W BT A A A
PR T MR (Y R R B — B, A0
B PEAS TR0, T A P R UL F A KR, S 3k
WCAE AR Rk, Rl RREAR, Bk, RS A
A [E] 4 180 s,

kR AR/ NT 800 Hz I, BEZE kP4 7w i
T B B R A Ik e A R P v vk R I AR O,
WA S R B 2, A R R SRR B R, TRV
M2, YRR T 800 Hz )5, HiiMRmA AL, x2hmT
DUAT T 20 M B A B P S G, (FL R P A oA 2% 5 3
Gk iU R T R R, SRS R A kb R
4 800 Hz.

kG BE /N 8 s B, B ok i B R 1 H v 3R
WA, L 8 ps T, HUHREE FRE . O R ki vE
BE B T bk o e S OIS S A Y, 5 e )
RIBF TS RSBl B, RS TPk By 8 ps.
25 MNELAEE

WA AR Z LI ZE L, DIk R (A) . =R ETTN(B) .
JikoiAsiAA(C) L Bk b S BE (DY S g PR, HH 3R (Y) Ay
i, 3F Box-Behnken ¥ i1 DU ZE =K AT, 25508
W 2, KA Design-Expert HfHEA FAR HilalH 5347, 1551
290 U E I )5 R Y=91.37+2.86A+0.71B+0.19C+0.24D—

0.47AB—0.51AD—-0.79BC-0.21BD-0.40CD-0.83A%-0.72B*-
0.61C*~1.22D%, Jy kB I Ry vl S, 5 4% I E X3

FE IR AR AR B, X A5 AT T B PR I e
ZoMT. ERFW, RITIAEK: F=5.73, P=0.0563>0.05,
B, FRUNZBRIATE M, BORAHISE R 5L R=0.9993, i
WIZAS T RE MR 99.93% Y AR Nl O 7)) AT T &, {1
Lo 45.404 SERTF 4, XHERIG R, B A RILE
B i b, ZAERIT LADREE PEF Ab BRI SERF I 42 H
T Dkope R A RE ] L kA S8 A0 K v v B A — K
THURD R IO, ko e RS BE IR, Bk ol e A BERE, 45
PO IR, K b A 2R B A 38 AR R

AR Hh e 137 TR RS, 455 fe £ PEF A B0 A: kofel
JE 35 kV., PpkRHERE R 183.93 s, Fknpifi= 810.20 Hz.
PkohSERE 7.86 pso FESLAAAET, AT HRAEISE N
93.43%, 5 JERNLIREE R WTAT I, HilE L ESHOEN:
kupHL R 35 KV PEMEEITE 184 s, KA 810 Hz,
ik vh Y8 B8 ws, TE UL A MF T, W SRR RN
93.25%+0.19%, SHNEEEE, FRABRIATSEAE . L
AT AT

®2 MNELERITSER

Table 2 Response surface experimental design and results

o A Jikih B ﬁ?ﬁ C ik D kol ihimR
HE/AV Wfal/s  AR/Hz FEE /us 1%
1 0(30)  0(180)  0(800) 0(8) 91.40
2 0 0 0 0 91.31
3 135) 0 1(900) 0 92.74
4 | 1 (150) 0 0 9232
5 1 0 0 1) 92.60
6 0 -1 0 -1 88.21
7 0 0 0 0 91.37
8 0 0 1 -1 90.20
9 0 1(210) 0 -1 90.05
10 0 1 0 1(9) 90.11
11 -125 0 0 1 85.60
12 1 0 -1 (700) 0 92.66
13 0 -1 1 0 90.24
14 0 0 -1 -1 88.46
15 0 0 -1 1 89.67
16 0 0 1 1 89.80
17 -1 1 0 0 88.23
18 0 1 1 0 90.07
19 0 0 0 0 91.34
20 0 1 -1 0 91.57
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13 E

=28
s A Jiknf B Ex%’i C Jkufr D kil i
ML /kV BffEl/s  AR/Hz o /us /%
21 -1 0 1 0 87.09
22 1 1 0 0 9278
23 0 -1 -1 0 88.58
24 0 -1 0 1 89.10
25 0 0 0 0 91.42
26 -1 0 0 1 87.21
27 -1 -1 0 0 85.90
28 1 0 0 1 92.15
29 -1 0 -1 0 86.94

2.6 LISk

AP A EE MR RS AR RSN,
HFEILAON AL . WAL R 2 A,
3007 cm ™ AN AR F=C-H _Fi¥R5h; -CH, 7E 2922 cm™
I RX R AR IR SN0, 76 2853 cm™ AbA X FR A 4E 4 5
W, 7€ 1461 cm ' AbAT BYRIR NG, 7€ 1237 em ' AbAT IS
RS, 7E 721 em ! AbA OV W REEIR S04, R IE
C=0 1£ 1743 cm ' ZbA SR ZUA WY ; -CH, XTHFRS F1 4R 50
£ 1376 cm ' 4ib; C-O-C fUMZEIRSITE 1160 cm™' Ak, X261
AR R AR S AR £ B2,

BEILR/%

4000 3500 3000 2500 2000 1500 1000 500
W/ cm?

€2 2 PEF AL BRISRAFMZL NGRS
Fig.2 Infrared spectrum of PEF-treated Brassica napus L. oil

2.7 BAME
SEAFI G 5 BR 2E A R Y LB THE K W A AR
WA, 7E 232 F1268 nm Ff A FLHE A AIILHE = Imn L Hh

W SE SRR, PEF AbFREEAEIh A9 e s o
(Ex32 nm) M 1.6120.03, LT =710 S (Enes nm) A 0.62+0.02,
X 55 4% i SO T FE MR AT i 1 28 SN e 45 SR 43, R
W] PEF A3 Sk i) o A = oo Bu g p s 4/ o
2.8 SEAFMAVIRE(LIERR

IR 3 A A, 25 PEF AbFRRSEAIMIRIN A 1.54 mg KOH/g,
T MR B BR ), vT BEJE T i S A PR W T+
T ER K AR AR, HAZSEAT IR 40 J5 Zom iR, 4521
A EF 4 BEEHMERIE, 22 PEF Kbk A0S
4 3.46 mmol/kg, 5 FEMSEFF I A RERED ), ik
FIER | SEEFmbRE. FHAUE . BALERRIEN 5T
B B G P — SR I ) BT S R p-Tl A R A A B
L2 R 5 SR RF 2 PO 25 1, PEF AbBEARAS7E
— R UG AT AL R, A SR RS TR Y
il B

3 £ PEF LERISHFHIBILIERR(=3)

Table 3 Physicochemical indicators of PEF-treated Brassica
napus L. oil (n=3)

AL bR EPLaR(ia SEAFIH
&1 /(mg KOH/g) <4.0 1.5440.05
i S AL fE/(mmol/kg) <75 3.46+0.14
p-15i 75 H/(meg/kg) 1.12+0.03
WL /(g/kg) 940~1200 884.80+7.10
AL {EH/[mg/(KOH g)] 168~181 172.09+0.18
T AR HE Z B2 / (meq/kg) 0.41£0.06
BRI/ (meq/kg) <50 11.54+0.43
BAEIE/(meq/kg) 8.12+0.37

1 *GB/T 1536—2004 {SEAFM ) 5 -FAR T

2.9 SEFFIMAYAE AR ER LA X

% PEF Ab¥RMSEFHMAR IR IR 4. S5FRM,
TR (C18: 1) 2% FF I h & i foe i (BRI R, o5 SRR &
B 35.77%, JBTHRAMANGNIEL . W IHER(C18:2) LK
R (C18:3)/ Er it AHXT A, 405l i 19.89%F1 16.85%, &
FLZREMNENTER . FERER(C16:0) %3l E 2 i
AR, 5 17.17%, FE4#2(C20:0). IL#FHR(C22:0). K
FEIMAR (C24:0) FI A 55 1R (C14:0) 55 Ay 16 A1 17 R 75 &
B, MEH 4.07%, FFER(C22: 1) & 0.63%, 184 — 0
Fi2(C20:2) LM 0.04%, FF&FREMRITRRFF MR ECT
iz ND~3.0%, 16/4: —J5iik ND~1.0%). 5IERESERHES0
A EL, PEF AbRIE N T W I0ER . W IRRAR AAR R R 0 75 1, B
R TR RS, — @R LRI T SR BB R S R
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4 £ PEF LEHSHTMASIHERAR S 8 (n=3)
Table 4 Content of fatty acid composition of PEF-treated
Brassica napus L. oil (n=3)

I 7 2 20 5L (A= S AR5 /%
Cl14:0 A ESE R 0.24+0.01
C16:0 FERH AR 17.17£0.11
Cl16:1 Bt IR 0.31£0.03
Cl16:2 TR IR 0.12+0.01
Cl16:3 RIVaY &X 1 0.23+0.02
C18:0 T I R 0.010.001
C18:1 TR 35.7742.14
C18:2 R A% 19.89+1.73
C18:3 MV BRIER 16.85+1.06
C20:0 AR 2.2140.17
C20:1 AEHE— IR 2.2740.10
C20:2 e IR IR 0.04+0.02
C22:0 1L#T R 1.10+0.08
C22:1 Irig 0.63+0.04
C24:0 AREEIMER 0.51+0.07
C24:1 s — 0.30+0.05

3 wgSiie

AHFFE LAZRIN 2 SIMSERT R IR, ekl e 3 Tt 2
Jei, AL R RS AR I T2 25 ER
AR R PR I 35 KV, PrEHE ] 184 s ki
PR 810 Hz, WKMhSERE 8 s, UL, ISk %
N 93.25%%0.19%. SGEGEMEECH L, HihRERS T
48.06%, J&— Rl =R SEAT I AR BT 5

Wit SEM WMEHSEAT 1943 FIES, K3 PEF ARG
i T KRR B b IR L AN 45 #3401
M, HLAMNEREAT A1, 4 PEF AP ESEkHm HA — o
VIl IESE M . PEF ANk 09 — oo = ot ya s
Mm%/ 5 FEFEEAR 1, PEF AL BRBEAS AR SR - B 2
fr, —EREE LI TN AR, HoAb S AR b
5 EVESEFFIMER R, YRGB bR M T — ST T % T
FLK . PEF ARBEMGNN T SEAF AR MR . S pRIR A AR R
W B, BRI TR &, — R RS TSR
BIRAN T 25 L, PEF Pl Mk AR U TSR 3 R 1k
93.25%, H.IHBERY S BTIR SR, 120 T 2 ST v A R o
IR PEAR T B

SE 3k
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